Twenty-two neonatal lambs were sacrificed at various ages (0, 1, 7, 14, 21, 28, 35 and 42 days postpartum), and assays for trypsin and chymotrypsin activity were conducted on the duodenal section of the small intestine. No trypsin activity was found at birth, but gradual nonsignificant increases in activity were found through day 7 and over a fourfold increase (P<.01) was observed between days 7 and 14, with no significant changes for the rest of the 42-day study. Chymotrypsin was present at similar levels from birth through day 7, with a twofold increase (P<.05) in activity between days 7 and 14 and no significant change thereafter.
Introduction
Although a few studies have investigated proteolytic enzyme development in the young bovine animal, only one such study has been reported for the ovine species (Walker, 1959 to be low at birth (Huber et al., 1961); Gorrill and Thomas (1967) found that trypsin and chymotrypsin activities were higher in milk-fed calves than in artificially reared calves. Walker (1959) reported on total proteolytic activity in the intestinal juice of lambs as young as 5 days, but he did not differentiate between trypsin and chymotrypsin activities.
The objective of this research was to compare the trypsin and chymotrypsin activities in the duodenal section of the digestive tract of lambs at 0, !, 7, 14, 21, 28, 35 and 42 days after birth.
Experimental Procedure
Twenty-two lambs were used. Two lambs each were sacrificed at birth and at 42 days, and three were sacrificed at 1, 7, 14, 21, 28 and 35 days of age.
Lambs that were not sacrificed at birth were removed from their mothers after nursing (12 hr postpartum) and were fed a commercial 20% protein commercial milk replacer 4 until they were 3 weeks of age. Composition of the milk replacer, by analysis was: crude protein, not less than 24%; crude fat, not less than 30%; crude fiber, not more than 35%; vitamin A, not less than 44,000 USP units/kg; vitamin D3, not less than 11,000 USP units/kg and vitamin E, not less than 44 USP units/kg. The replacer was mixed with water at a 1 to 2.5 ratio. The lambs were weaned at 3 weeks of age and were fed ad libitum an early weaning pelleted 20% crude protein diet s . The lambs were fed up to sacrifice.
Immediately after sacrifice, the abdomen of each lamb was opened, exposing the viscera. The pyloric valve was identified and tied off. The duodenum was followed posteriorly from the pyloric valve for approximately 20 cm, to a point just past the junction of the hepatic and pancreatic ducts, where it was tied off. This segment contained the duodenal juice utilized for the trypsin and chymotrypsin assays. The 359 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 2, 1981 ligated duodenal section was removed and placed in a plastic bottle kept on ice. The bottle contained a tissue buffer (.25 M sucrose and .15 M sodium chloride) in distilled water (pH 7.0).Triton X-100 was added at a rate of 1 ml/ liter of buffer solution (Sigma Chemical Co., 1973) .
Just before the assay, the duodenal section was opened at one end and the contents were drained into a chilled 20 x 100 ml plastic centrifuge tube and centrifuged at 249,257 x g for 20 minutes. Two milliliters of supernatant were placed in a Type-D Potter-Elvejhem grinding tube, diluted at 1:5 with 8 ml of tissue buffer and homogenized on ice with the PotterElvejhem homogenizer. The homogenized material was then poured into a chilled 20 x 100 ml plastic centrifuge tube and centrifuged. The resulting supernatant was stored in a serological test tube in a covered, insulated ice bucket and refrigerated until the assay.
The assay used for trypsin was that outlined by the Sigma Chemical Company (1973) which is based on the rate of hydrolysis of N-benzoyl-L-arginine ethyl ester, determined colorimetrically. One unit of trypsin will produce an A2s 3 of .001/min at 25 C and pH 7.6 in a reaction volume of 3.2 milliliters. The concentration (units of enzyme activity) is defined as units per milligram of protein _(milligram 9 .O1 ~ 1%
.~ protein/milliliter = A28 o x 1-i~-; r~2a0 = x,~.-~, the extinction coefficient for trypsin; each enzyme has an established E coefficient). To 3 ml of substrate solution, plus a blank, .2 ml of .001 M HC1 was added; the spectrophotometer was set at 253 nanometers. At time zero .2 ml of enzyme was added to the test cuvette, and absorbancy was recorded for 2 to 5 min for determination of the initial linear rate, units/milligram protein = ml of diluted enzyme was added to the test cuvette and absorbancy was recorded at 30-sec intervals for 5 minutes. The molar extinction coefficient for N-benzoyl-L-tyrosine was 964. Differences between means were analyzed by the Newman-Keuls sequential range test (Steel and Torrie, 1960) . Linear regression was calculated by the least-squares method. Oneway analysis of variance is unaffected by unequal cells in a randomly designed model.
Results and Discussion
No trypsin activity was found at birth, but gradual nonsignificant increases were rated through day 7. This was followed by a sharp increase (P<.01) for the next 7 days to a level that persisted for the rest of the 42-day experiment (table 1, figure 1). Although some chymotrypsin was present at birth, it followed a pattern of development similar to that for trypsin (r 2 = .997) and increased (P<.05) between days 7 and 14.
The manyfold increase in the amount of trypsin present in the duodenum by the end of the second week, plus the increased production chymotrypsin is based on rate of hydrolysis of 7 N-benzoyl-L-tyrosine ethyl ester and is deter-14 mined from change in absorbency at 256 nano-21 meters. One unit is equivalent to I nmole of sub-28 strate hydrolyzed/min at pH 7.8 and 25 C. 35 42 Buffer (1.5 ml) and substrate (1.4 ml) were SEM pipetted into each of two cuvettes, and .1 ml of .001 m HC1 was added to the blank and mixed. With the spectrophotometer set at 256 nm, .1 >-h--
of chymotrypsin by the same age, suggests that the lamb is proteolytically capable of being weaned to a starter or creep feed, but that before this time, this capability may still be in the developmental stage. The apparent lack of trypsin at birth might pose no problem, as it has been established that intact milk protein, especially lactoglobulin, can be absorbed across the wall of the intestine for up to 24 hr postpartum in most species of mammals. Comparable research with lambs has not been reported. Walker (1959) studied total proteolytic activity in lambs from 5 to 35 days of age. However, he did not separate the trypsin and chymotrypsin activities, nor did his research begin with the birth of the lamb. It appears from table 1 that activities of both enzymes increase gradually from birth to 14 days of age. However, Walker (1959) indicated that proteolytic activity in the lamb was low at 1 week of age and increased linearly through 5 weeks of age.
Only two studies with calves have reported intestinal proteolytic activity. Huber et al. (1961) reported that total proteolytic activity was present, but low, at birth and that it increased gradually with time. The calf data are essentially in agreement with the lamb data reported herein if the trypsin and chymotrypsin activities are combined and the average is taken as an estimate of total proteolytic activity. Gorrill and Thomas (1967) compared trypsin and chymotrypsin activities from 1 to 6 weeks of age in calves fed natural milk or various milk replacers, but they did not conduct assays at birth. Lewis et al. (1957) and Hartman et al (1961) reported that trypsin activity and total proteolytic activity, respectively, were low in baby pigs through 4 to 5 weeks of age. Research by Braude et al. (1958) indicated that total proteolytic activity in swine increased linearly from
